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To order reprints follow the "Request Permissions" link in the navigation box http://resources.bmj.com/bmj/subscribers INTRODUCTION Around a third of people aged over 50 years have chronic knee pain. [1] [2] [3] [4] Both oral and topical nonsteroidal anti-inflammatory drugs (NSAIDs) are used to treat this and both have some short term beneficial effects. [5] [6] [7] [8] [9] If topical NSAIDs are as effective as oral NSAIDs for reducing knee pain but produce fewer adverse effects, then topical treatment might be preferred. As the route of administration is different, non-pharmacological factors may affect the response to treatment. Thus, patients' preferences for topical or oral treatment might have an important effect on perceived benefit and the incidence of subjective adverse effects and should be considered in the recommended route of administration. These preferences need to be considered in any pragmatic study comparing topical or oral administration. The popularity of comparatively expensive topical NSAIDs and the importance of adverse effects related to NSAIDs meant that the NHS Health Technology Assessment programme identified a comparison of oral and topical NSAIDs for osteoarthritis as a priority for research.
Here we compare the effect of advice to use oral or topical NSAIDs on knee pain and disability, minor adverse effects related to use of NSAIDs, overall pain, and health related quality of life.
METHOD
We have described our methods in detail elsewhere. 10 
Recruitment
We recruited general practices from the Medical Research Council general practice research framework (GPRF). 11 We sent postal invitations to patients who had consulted these practices with osteoarthritis or knee or leg pain in the preceding five years or who had had a prescription for a topical or an oral NSAID or a rubefacient over the preceding year. Research nurses based in the practices then confirmed whether potential participants met our eligibility and safety criteria and took blood samples for baseline laboratory tests (boxes 1 and 2). To be included participants had to be aged ≥50, have had troublesome pain in or around the knee on most days for at least a month as well as knee pain for more than three months in the preceding year; have consulted or been prescribed treatment by the general practitioner for knee pain in the preceding three years; have no current or planned knee replacements; and meet our safety criteria (box1). 4 12 Each participant was assessed by a general practitioner who confirmed they were willing to prescribe NSAIDs for this participant and recorded the physical components of the American College of Rheumatologists' clinical criteria for knee osteoarthritis. 13 At a subsequent assessment at study entry the research nurses confirmed eligibility, obtained informed consent, and collected baseline data (box 1 and table 1). Potential participants were asked not to use any topical or oral NSAIDs for one week before the assessment at study entry. Participants were offered a choice of joining the randomised trial or the preference study. Participants in the randomised study were then randomised and those who joined the preference study selected their treatment. We provided participants with a starter pack of their chosen or allocated treatment. After this participants were either prescribed medication by the practice or they could purchase their own over the counter.
Quality control All the research nurses had a full day of training in the study procedures and were visited at least once during the study by a regional training nurse or a senior research nurse from the general practice research framework to ensure that the protocol was being followed.
Assignment
We used a remote computer based telephone randomisation service to register participants and to allocate participants in the randomised study to treatment groups. Randomisation was stratified by practice and troublesomeness of knee pain. 14 
Participant flow and follow-up
We followed up participants with postal questionnaires at 3, 6, 12, and 24 months after study entry, with two reminders. There were nurse assessments and blood tests at 12 and 24 months. Because recruitment was slow, not all participants could be followed for 24 months; participants with 16-24 months of followup at the end of data collection underwent 24 month (end of study) assessments at this time; for those with 12-16 months of potential follow-up we did the end of study assessments after 12 months. We collected data on health service activity and prescribing from randomisation to 24 months or end of study.
Intervention
In the randomised trial we compared a recommendation to use either a topical or an oral NSAID, preferably ibuprofen, as required for knee pain. In the preference study the recommendation was to use the route of delivery preferred by the patient. The medication could be either prescribed or bought over the counter. If a change of medication was required, participants were encouraged, when appropriate, to use an alternative NSAID with the same route of administration.
Masking
The study was not blinded at the general practice or participant level. All other members of the study team involved in data collection were blind to the participants' chosen or allocated treatment. which measures knee pain and disability in the preceding 48 hours and produces individual measures of pain, stiffness, and physical function and a global assessment. 15 For our secondary efficacy outcome measures we used the postal version of the chronic pain grade, which measures overall pain and disability related to pain over the preceding six months, 16 17 and the SF-36v2, a well established measure of health related quality of life over the preceding four weeks, reported as physical and mental component scores. 18 19 Adverse effects We defined a major adverse effect as an unplanned hospital admission or death during follow-up. We identified deaths from practice records and from flagging participants at the NHS central registry. Practices provided copies of participants' hospital discharge letters during the study period. Two members of the study team (MU, PC) who were blind to allocation independently coded these as planned or unplanned admissions, conferring only to resolve any disagreements.
We defined a minor adverse effect as a change in one or more selected variables that a Delphi panel of general practitioners considered serious enough to entail advising a change of treatment (box2). 20 We also report the differences in clinical and laboratory study measures, participants' reports of changing treatment because of adverse effects, and, when appropriate, the results of laboratory tests initiated by the practice. We used questionnaire data at 3, 6, and 12 months, results of blood tests taken up to and including those taken at the 12 month nurse assessment (so long as these were collected within 18 months), and medical record data up to 12 months.
Prescribing data
We calculated the number of defined daily doses of oral ibuprofen, other oral NSAIDs, rescue analgesia (paracetamol or opioids), treatments for dyspepsia, and respiratory and cardiovascular drugs (except aspirin) prescribed with standardised values. 21 For oral ibuprofen the defined daily dose is 1.2 g. For topical NSAIDs and rubefacients we defined a daily dose for one knee as 1.5g. 20 All analyses on prescribing data are based on prescriptions issued in the first year after participants joined the study.
Sample size
Our hypothesis was that there would be equivalence in means between groups for the WOMAC score. Typically, standard deviations for the WOMAC in knee osteoarthritis trials are around 22 mm. We defined equivalence as 95% confidence that the difference between groups lay within 10 mm. To show this with 80% power and 5% significance, assuming 25% loss to follow-up, we needed 275 participants in the randomised trial. Early recruitment data indicated a 3:1 preference for topical compared with oral treatment in the preference study and a 2:1 preference for joining the preference study, which compromised the original sample size calculations. 10 To ensure recruitment to the randomised trial the last seven practices to join the study recruited only to the randomised trial. Allowing for the unequal group size, we needed 368 participants in the preference study.
Analysis
We analysed the two studies separately. When appropriate we adjusted for baseline values using regression models. For other analyses we used t tests, differences 
Initial approach questionnaire
Returned blank (n=1192)
Excluded (n=52)
First nurse assessment
Did not attend (n=8)
Medical assessment
Did not attend (n=47) Eligible (n=646)* * Includes patients with missing relevant paperwork but who went on to next stage.
Assessment at study entry
Did not attend (n=27) Over occasional-less than 50% of time 8 (6) 6 (4) 3 (4) 11 (5) No (%) who used NSAIDs in past year:
Fig 1 Flow chart of recruitment to both studies
No of participants with data 141 138 78 223
Used neither oral nor topical 34 (24) 20 (14) 8 (10) 64 (29) Used oral only 59 (41) 81 (59) 49 (62) 82 (37) Used topical only 9 (6) 8 (6) 1 (1) 40 (18) Used both topical and oral 39 (27) 28 (20) 21 (27) 37 (17) No ( in proportions, and rates with 95% confidence intervals with corrections for small numbers. STATA 9 was used for all the analyses (StataCorp, College Station, TX). It is usual in equivalence studies to carry out an ontreatment analysis. As this study was testing two approaches to managing knee pain, however, we used an intention to treat approach for all our analyses.
For the 12 month analyses we used the data collected between 6 and 18 months that were closest to 12 months. For the 24 month analyses, we used data collected between 18 months and end of study closest to 24 months. Additionally, we carried out an end of study analysis using the last follow-up data collected on each participant, including end of study questionnaire data on some participants that was collected between 12 and 18 months and subsequent to their 12 month assessment.
RESULTS
Participant recruitment
We recruited 25 practices plus two pilot practices. There were no changes in protocol between the pilot and main studies so the pilot data contributed to our analyses. We excluded data from one pilot practice in which participants had also taken part in a nested qualitative study. 22 The 26 We assessed 2859 of these who seemed eligible: 913 (32%) did not meet the entry criteria for knee pain; 230 of the remaining 1946 (12%) did not meet the consultation criteria; 25/1716 had had a knee replacement; 609/1691 (36%) failed the clinical history safety criteria; 10/1075 (1%) failed other entry criteria; 86/1065, 8% of the remainder, failed the safety criteria for hypertension. Finally two participants were excluded because of poor understanding of English. Of those eligible and interested at the end of the first assessment, 585/745 (79%) eventually joined the study; 282 joined the randomised trial and 303 the preference study (fig 1) .
Ten participants were entered into the study in error: one had dyspepsia; two had failed the consultation criteria; and seven had a mean recorded blood pressure at the study entry assessment that was slightly higher than allowed and missing repeat blood pressure record before study entry. They are included in the analyses, except that we did not use follow-up blood pressure data in those who failed the safety criteria for hypertension. Another participant who had a knee replacement was initially entered into the study but later removed.
Baseline characteristics Participants' mean age was 64 years (SD 8.5) and median 64 years (range 50-89). Participants in the topical group in the preference study, but not those in the oral group, were older and of lower social class than those in the controlled trial. The remainder of participants' main baseline characteristics were broadly similar across all four groups. In particular, there were no differences between the two randomised groups except for some differences in their use of topical and oral NSAIDs in the previous year. In the preference study 89% of the oral group had used oral 
NSAIDs and 28% had used topical NSAIDs in the previous year, while in the topical group the rates of use of oral and topical drugs were 56% and 35%, respectively. In the randomised trial, the attitude to topical treatment was less favourable in the topical group. Participants in the preference study generally expected their chosen medication to be effective or very effective. More participants in the preference study who chose to use oral NSAIDs had at least moderately troublesome pain in one or more additional body area (difference topical minus oral 11% (95% confidence interval −21% to −1%) (table 1).
Follow-up
We obtained at least an 83% response to follow-up questionnaires, nurse assessment, and blood test data at 12 months. We obtained at least 55% of these data at 24 months (82% of those eligible for a 24 month followup) (figs 2 and 3).
Primary outcome WOMAC scores changed little between baseline and the 12 month follow-up. For the global scores these were −0.5 (SD 17) in the oral group and 1.1 (SD 17) in the topical group in the randomised trial and 0.1 (SD 18) and 1.1 (SD17), respectively, in the preference study. Only for pain at 24 months in the randomised trial did the limits of the confidence intervals for the difference between oral and topical groups exceed our predefined limits for equivalence. We found no significant differences in the WOMAC global score changes between topical and oral groups in either study. For the WOMAC pain scores in the randomised trial 24 month and end of study analyses, there was a difference of borderline significance in favour of oral medication (table 2) .
Adverse effects
We found no differences in major adverse effects. There were two deaths before the end of follow-up, both in the topical group in the preference study. One participant in the oral group in the preference study had an upper gastrointestinal haemorrhage during a planned admission to hospital.
The only difference in defined minor adverse effects was that fewer participants in the topical group in the randomised trial had a respiratory adverse effect −9% (−17% to −2%). This was primarily explained by the higher proportion in the oral group whose peak expiratory flow dropped by 15% or more (22 (18%) v 9 (8%)). There were no differences in the proportions of participants having one or more defined adverse effects. The only significant mean difference in our clinical and laboratory measurements was in the randomised trial, where the change in creatinine concentrations at 12 months in the topical group was more favourable by 3.7 µmol/l (0.9 µmol/l to 6.5 µmol/ l) (table 3).
Secondary outcomes
We found no significant differences in the overall proportion with chronic pain grade III or IV at any time point or in the SF-36 physical component scores. In the preference study there was a difference of borderline significance in the SF-36 mental component score at three months that favoured oral treatment.
There were some differences in the disability component of the chronic pain grade at three months and in the end of study analyses in the randomised trial. Those in the oral group had slightly less pain related disability at three months and in the end of study analysis but not at 12 months. After we corrected for baseline differences there was a difference in the odds of having chronic pain grade III or IV at three months and in the end of study assessment, but not at 12 months, favouring the oral group (table 4) .
Adherence with treatment route There were no significant differences in the proportions in either study who reported in the 12 month questionnaire that they had changed treatment. In the randomised trial this apparent similarity masks *Each WOMAC score has potential range of 0-100; 0=no symptoms, 100=maximum symptoms. Positive differences favour oral treatment. †End of study value is last value carried forward or 24 month follow-up. ‡No of analysable WOMAC questionnaires.
important differences: 11% (95% confidence interval 2% to 20%) more of the topical group reported changing treatment because of inadequate pain relief and 10% (5% to 16%) more of the oral group reported changing treatment because of adverse effects. This was not seen in the preference study (table 5) . Over 80% of participants received prescriptions for their chosen or allocated treatment (table 6) .
Only 5% of those randomised to the oral group, and nobody who chose oral treatment, had any prescriptions for topical NSAIDs. More of the topical group had prescriptions for oral NSAIDs (37% in the randomised trial and 26% in the preference study). The average number of days' worth of oral NSAIDs prescribed in the randomised study was 139 and 61, respectively, in the oral and topical groups. In the preference study these were 159 and 28, respectively. We found no significant differences in the number of days' worth of "rescue medication" or drugs for adverse effects prescribed in either study. In the preference study, however, more of the oral group were prescribed "rescue medication"; this difference approaches significance (−14%, −26% to 0.4%) (table 6).
DISCUSSION
Main findings
We found that advising patients to use either oral or topical NSAIDs produced equivalent clinical outcomes for knee pain over one year in both studies. Only for the pain subscale in the randomised trial at 24 months did limits of the confidence interval breech our definition of equivalence; this may be because of small numbers. There were no differences in the secondary patient centred outcomes except for suggestions, in the randomised trial, that those in the topical group were more likely to have more severe overall pain and disability as measured by the chronic pain grade at three months and in the end of study analysis adjusted for the baseline values, and that more people in the topical group stopped treatment because it was ineffective.
Although we found no differences in the overall numbers having major or defined minor adverse effects in either study, in the randomised trial we found an excess of respiratory adverse effects and a less favourable change in creatinine concentration in the oral group. These may be chance findings caused by multiple comparisons or they may represent real differences. The size of these differences could be clinically important; 9% more in the oral group had an adverse respiratory effect that could justify stopping NSAIDs. At a population level, a difference in creatinine of 3.7 µmol/l might have important health consequences. 23 Participants' reports in the randomised study showed that 11% of those in the oral group stopped taking NSAIDs because of adverse effects. Our data suggest that in the randomised trial oral NSAIDs caused more adverse effects. These differences were not seen in the preference study, even though the differences in daily doses of oral NSAIDs prescribed between the oral and topical groups were much greater than in the randomised trial. Possibly participants who chose oral treatment did so because of previous experience and so were more likely to tolerate adverse effects.
Preferences
Participants who wanted a choice predominantly selected topical rather than oral treatment, although those with more severe or widespread pain chose oral rather than topical treatment. Those who chose topical treatment tended to be older and of lower social class than those in the other three groups. There are likely to be other unmeasured differences between those in the preference study and the controlled trial, if only in the strength of their preferences for different treatments.
Those who chose oral NSAIDs seemed to be more tolerant of their adverse effects than those randomly allocated to the oral group, even though the oral group in the preference study took substantially more oral NSAIDs. In the nested qualitative study more widespread or chronic pain was perceived to be "more serious" and to require oral rather than topical medication. 22 Thus participants in our preference study seemed to be making logical choices as to which administration route to use; this should perhaps be expected given that most of the participants had experienced knee pain for some time.
Applicability to routine practice Our results are highly relevant to the management of knee pain in primary care. All our participants were receiving care from their general practitioner for knee pain, and their general practitioner would still have considered prescribing NSAIDs if the study were not taking place. Further, as the choice of treatment in routine practice is not random but is affected by preferences of the clinician and patient, the preference study arm increases the relevance of our findings to routine practice. Our participants had substantial problems with their knee pain, with nearly a third reporting that it was very or extremely troublesome. The mean WOMAC function/difficulty scores for each group were in the range 38-41 compared with the score of 31 suggested as the limit of symptoms acceptable to patients. 24 They may differ from typical patients presenting in general practice in two important and related areas. Firstly, although we had no upper age limit for recruitment there was a preponderance of participants from younger age groups, so our results may not be directly applicable to the very elderly. Secondly, although most participants were identified because they had used NSAIDs, nearly half (763/1691, 45%) of those we assessed were deemed ineligible because they failed our safety criteria. The selection procedure may have produced a study population with a comparatively low risk of adverse effects related to NSAID use. Our results may not therefore be directly applicable to those who have most to gain from avoiding the toxicity of oral NSAIDs. The counterargument is that in very No (%) with defined minor adverse effects before 1 year Other measures of potential adverse effects; changes are one year minus baseline ‡ ‡ elderly people and those who would fail our safety criteria the risks of using oral NSAIDs are always too great.
Setting these concerns about generalisability to routine practice into context, our participants' physical health as measured by the SF-36 physical component score for each group in our study was in the range 37.7-39.0. This compares with mean values of 32.0, 25 35.9, 26 and 43.6 27 found in observational studies of patients with osteoarthritis of the knee.
Participants' choices about joining the study may have been influenced by their past experience of NSAID use so we mainly recruited people who were tolerant of related adverse effects. In the nested qualitative study, however, we found that participants had different ideas from general practitioners about what these adverse effects were. 22 Indeed some participants were willing to endure a great deal of discomfort before alerting their general practitioner to their problems. As well as our findings on minor adverse effects, the well known risks of serious related adverse effects need to be included in any consideration of the comparative risk of oral and topical treatment. Statistical power Good recruitment and follow-up rates, and the fact that the final imbalance between oral and topical in the preference study was less than anticipated, means that we had ample power for our primary effectiveness analyses at 12 months. The conclusions for 24 months, however, are weaker, particularly in the randomised trial, because of the smaller numbers available for follow-up.
Potential for bias
We did not attempt to blind the participants or practices. This was deliberate as we wanted to compare two forms of usual treatment, but it might have introduced bias in the questionnaires as these mostly asked participants for subjective judgments. The measurements taken by the research nurses and the data from medical records should be less prone to bias.
Use of prescribed medication
The amount of NSAID consumed in this trial was lower than in many controlled trials; most trials of NSAIDs use high dose regimens and expect good adherence to treatment-for example, in the VIGOR (Vioxx gastrointestinal outcomes research) study 71% of participants continued medication during follow-up, 99% of whom took at least 75% of the doses intended. 28 29 Thus, the clinical effects and rates of adverse effects observed in some other trials may overestimate what happens when these drugs are used in routine practice. The pattern of drug use we observed is more likely to be representative of how NSAIDs are prescribed in routine practice. One caveat when interpreting these prescribing data is that we were not able to measure the use of topical or oral NSAIDs purchased over the counter, nor to estimate the proportion of prescribed medication the participants actually used.
Meaning of the study
What is clear is that the outcome for knee pain at one year is equivalent, whether patients are initially advised to use oral or topical treatment. This is a consistent finding in both the randomised trial and the preference study.
Though we carried out multiple comparisons at different time points, the only comparisons that indicated a difference in effectiveness were the change in chronic pain grade III/IV at three months and at the end of the study in the randomised trial, and the fact that more participants reported changing treatment because of inadequate pain relief, again in the randomised trial. Both changes favoured oral treatment. Those in the topical groups who had inadequate pain relief might subsequently have obtained adequate pain relief from other, probably oral, drugs.
We have compared advice to use one of two active preparations, neither of which is known to have long term efficacy. We cannot use these data to conclude that advice to use either preparation is superior to 
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